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(54) Tide: PIPERAZINONEPHBNYLOXAZOUDINONE DERIVATIVES AND THEIR USE AS ANTIBACTERIAL AGENTS 

(57) Abstract - 

The invention concerns a com- 
pound of fonnula (I) wherein: R' is . >v ^ . 
of the formula -NHC(-OXl-4C)alkyl, \y R\ O 
-NHS(0)„(l-40alkyl wherein n is 0. V ^ V=\ 11 

I or 2 or R> is hydroxy; R^ and R^ are c / \ , / \^ m^'^i^ (ti 

independently hydrogen or fluoro; R^ R** — N O W 

is hydrogen, methyl, ethyl or oxo; is 
hydrogen, (l-6C)alkyl. (2-6C)alkcnyl, 
(2-6C)alkynyl or of the formula 
R^(CH2)in- wherein either m is 1-4 and 
R^ is, for example, trifiuoromethyl, 
dilluoromethyl, fluoromethyl, (1- 
4C)alkoxy, (l-4C)alkyl S(p)p- wherein 
p is 0, I or 2, (l-6C)alkanoyIoxy, di-(N-(N4C)alkyI)amino, N-((l«4C)alkylXl-4C)alkanoylamino. cyano, caiboxy, (]-4C)alkoxycarbonyl, 
carbamoyl, di-(N-(l-4C)alkyl)carbamoyl, N-((l-4C)alkyl)(l-4C)alkanesulphonamido, N>-((l-4C)alkyl)-di-^3.(|^)aiicyi)urcido or 
of the formula -OC(-O)NRW) or .N(R^C>2NR7(r8) wherein R^ and R8 arc independently hydrogen or (l-4C)alkyl and R' is 
(l-4C)alkyl; or ro is 2-4 and R^ is, for example, hydroxy, (l-4C)alkanbylamino, amino, (l-4C)aliQrlamlno, (l-4C)alkanesulphonamido, 
ureido, di-(NMl-4C)alkyl)uieido cwr of the fonnula -NHSQ2NRW); and phannaceutically-acceptable salts thereof; processes for their 
preparation; pharmaceutical compositions containing them and their use as antit>acterial agents. 
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J^P^RAZINONEPHB<YM)XAZOLIDI^ DERIVATIVES AND THEIR USE AS ANTIBACTERIAL 



~ TKe present iiivwilion relates to antiBioi5c compoui^^^ particufarlcr~~^ 
MfiBipficcompSourids^TO 
5 further relates to processes for their preparation, to intermediates useful in their preparation, 
to their use as therapeutic agents and to pharmaceutical compositions containing them. 

The international microbiological conmiunity continues to express serious concern 

Uml U,c evolution ofantibrotrc resistance could result in strains against which currently 

available antibacterial agents will be ineffective. In general, bacterial pathogens may be 
10 classified as either Gram-positive or Gram-negative pathogens. Antibiotic compounds with 
effective activity against both Gram-positive and Gram-negative pathogens are generally 
regarded as having a broad spectrum of activity. The compounds of the present invention 
are regarded primarily as effective against Gram-positive pathogens because of their 
particularly good activity against such pathogens. 
15 Gram-positive pathogens, for example St^hylococci, Enterococci. Streptococci 

Wd-inycobacteria. aire particiil^^^^^^ 

which are both difficult to treat and difficult to eradicate from the hospital environment once 

Wished,- Examples-of-such-stiains.are^BethieiHin resistant staphyiococcirs^C^^ 

methicillin resistant coagulase negative staphylococci (MRCNS), penicilUn resistant 

2b Streptococcus pneumoniae and multiply resistant Enterococcus faecium. 

The major clinically effective antibiotic for treatment of such resistant 
Ciram-positive pathogens is vanwmycin. Vancomycin is a glycopeptide and is associated 
^ with nephrotoxicity and ototoxicity. Furthermore, and most importantly, antibacterial 
resistance to vancomycin and other glycopeptides is also appearing. This resistance is 
25 increasing at a steady rate rendering these agents less and less effective in the treatmem of 
Gram-positive pathogens. > 

The present inventors have discovered a class of antibiotic compounds containing 
an oxazolidinone ring which has useful activity against Gram-positive pathogens including 
MRSA and MRCNS and, in particiilar, against various strains exhibiting resistance to 
30 vancomycin and ^gainstE. faecium strains resistant to both aminoglycosides and clinically 
used p-lactams. 
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- rWeh^e lum discpyei^d ^nairowrange of compounds that is not suggested by 
the ait and wWch has good activity agaii^ 

includingnprgamsmsioKnTOr^^ 



-Tcpniparison-whlrcDnq^^ 

5 J.Med.Chem. 1990, 33, 2569-2578 and Chung-Ho Park et ai in J.Med.Chem. 1992. 35. 
1 1 56- 1 1 65) the compounds also possess a favourable toxicological profile. 

Accordingly, the present invention provides a compound of the formula a): 




. ay 

wherein: 



RSsoftheTormula.NHC(=0)(l^G)aIM.-NHS(0)„(1.4C)^^ 1 or2 or 

R is hydrdS5^ ~ ^ ~ v — — ~" .- • . — - — 

R and R are md^ndently hydrogoiorfluoro; - _ 

-'-^-R^-^s^ydrag«irmefeylret hylor oxo; ■ . ■ '•■ '■ \ .. 



R is hydrogen, (l-6e)alkyl. (2-6C)alkenyl. (2-6C)alkynyl or of the formula R*(^^^^ 
wherein either mis 1-4 and RSstrifluoromethyl.difluoromethyl.fluoromethyI, 
(l-4C)alkoxy.(l-4C)alkylS(OV wheieinpisO, 1 or 2. (1.6C)alkanoyloxy, 
di-(H-(l-4C)alkyl)amino.M-((1.4C)aUcylXl-4C)alkanoyhi^^ 
20 (MC)alkoxycarbonyl, carbamoyl, N-(l-4G)alkylcarbamoyl. di-(N-(r^G)alkyl)Carbamoyi. 
H-((l-4C)alkyI)(l-4C)alkanesulphonaniido,N'-((l-4C)a!kyl)ufeido, 
N'-((l-4C)alkyi).N'-((l-4C)alkyl)uieido. N'-((l-4C)alkyl)-di-(H'-(MC)alkyl)ureido, 
or of the fonnula -0C(=0)NR'(R«) wherein and R« are independently hydrogen or' 

(MQalkylorofthe formula -N(R')S02NR'(R«) wherein and R» are as hereinabove 
25 defined and R' is (l-4C)alkyI; - 

or m is 2-4 and rSs hydroxy, (l-4C)alkanoylamino, anuno,(l-4C)alkyl^^^^ 
(l-4C)alkanesulphonamido, ureido, N'-((l^C)aIkyl)ureido, di.(H'.(i:4C)alky^ of 

the fomiula - NHSOjNR'CR^ wherem r' and R* are as hereinabove defined; 
r and pharmaceutically-acceptable salts thereof. 
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\ : In this specificatiQii^the generic term "alkyl" includes straight ch£iitied^d v 
branched structures, for example ( 1 -6C)alkyl includes propyl, isopropyl and Isrt^butyi: 

- However, references to individuataMgrl pot^ such as "pfopyr' are speaIic^iorWe"Srarght- 

~ chaSir version onlyVarulTeferences to individualbrancKedHchain alkyrgroiips^chas^ 
5 "isopropyl" are specific for branched-chain versions only. An analogous convention applies 
to other generic terms. 

Examples of (l-4C)alkyl and (l-6C)alkyl include methyl, ethyl, propyl, isopropyl 

andisg'butylr^xamples-om<i ^)alkylcarfa amoyl^cluae^ and 

ethylcarbamoyl; examples of diCfcI-(l-4C)alkyl)carbamoyl include di(methyl)carbamoyI and 

10 di(ethyl)carbamoyl; examples of (1 -6C)alkylS(0)p- include methylthio, ethylthio, 
methylsulphinyl, ethylsulphinyl, methylsulphonyl and ethylsulphonyl; examples of (2- 
6C)aIkenyI include allyl and vinyl; examples of (2-6C)aIkynyl include ethynyl and 
2-propynyl; examples of (l-4C)aIkoxy include methoxy. ethoxy and prppoxy; examples of 
(l-6C)alkanoyiamino include acetamido and propionylamino; examples of N-((l- 

15 4C)alkyl)(i-4C)alkanoylaniino include N-methylacetamido, N-methylpropionylamino and 
I^-**ylacelMaorexai^ 

and ethanesulphonamido; examples of N-((l-4C)alkylHl-4C)alkanesulphonamido include 
- — li::^thyJ)=methanesulphonamido^M-(methyl)ethanesulphonamido^dli= 



(ethyi)ethanesulphonamido; examples of (l-4C)alkanoyloxy include acetyloxy and 
20 propionyloxy; examples of N-(l-4C)alkylamino include methylamino and ethylamino; 
examples of di-(M-( 1 -4C)alkyi)amino include di-H-methyiamino, di-(M-ethyl)amino and 
N-ethyl-H-methylamino; examples of (l-4C)alkoxycarbonyl include methoxycarbonyl and 
ethoxycaibonyl; examples of N*-((l-4C)alkyl)ureido include M'-methylureido and 
N'-ethylureido; examples of Ii'-((l-4C)alkyl)-H^-((l-4C)alkyl)ureido include N'-methyl- 
25 N'-methylureido, H'-ethyl-NVethylureido and N'*ethyl-H'-ethylureido; examples of 
H'-((l-4C)alkyl)-di-(H-(l-4C)alkyl)ureido include H'-methyl-di-(H'-methyl)ureido, 
N'-ethyl-di-(H^-methyl)ureido and H'-methyl-H^-ethyl-H^-methylureido; examples of 
N^-(( 1 -4C)alky Oureido include N^-methylureido, and N^-ethylureido; and examples of 
di-(H^-(l-4C)alkyl)ureido include di-(N^-methyl)ureido. N'-ethyl-H'-methylureido and 
30 di-Gi'lethyOureido. 

The compounds of the present invention have a chiral centre at the CS-position. The 
pharmaceutically active.enantiomer is of the formula (lA): 
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R1 
(lA) 



, . — — ^ - — •wwvrjowiici ucpicied a 

and ™x«^ „,*e 5(R) and 5(S) e„an.io.ers or dias^reSs^jii^^i^;— 

m.x.ure cec^ of dia«ereoiso„,ers. If a„^„f 5(r) ^ 5^^) bused, a W 

a^o^. (depending „p on fte .Uoof U,. ena„Uo™.„ or dia..e.»i«^, ^ 
ach.cve 4e san,e effect as the same «eigh. Of UK phannaceuUcally acdve enanU^ 

Furthemure. some compounds of a„ fonnula a) «ay have other chW centres 

'•""'-'-"'-'"'da.tee.^ineompoundsof.heformulalcanexistinsolva.idas 
«el. as .atsolvated fonn such as. for example, hydrated fom^; is to be understood that the 

. J'^^oi^^^^S^^^ s^y^ tor^ which possess antibacterial activi^ 

Su.table pham,aceutically.accepttble salts incWe acid addition salts surt as ~ 

l5J^*odUoHde. hydtohomide. citrate, maleate. methanesulfomtte. fitm-arai^atKl salts fonned 
«n. phosiatorT^iasaffiinctearTn a^ salts are base salts such as ~ 

-dtum, an alkaline eatd, metal sal. forexample caldum or magnesium. a„^^^^ 
KUa<2-hydn,xyethyI)ammomum salt, an organic aoride sal. for example triethylamme 
m«phoIme. N^lpiperidine, M-ettylpiperidine. p-ocaine, dibenzylamine U Jl- ' 
dibenzylethyteune oramin. «=ids for example lysine. tW may be more than one eaUon 

or amon depending on number of charged functions and dte valency Of a« cations or 
■mons. A prefnredpharmaeeMically-aceeptable salt is the sodium salt 

«<>-«ver, to facilitate isolation ofthe salt during pteparaHon, salts Which are less 

^'^'-"ft'chosensolvemmaybepreferredwhettopha.maeeuUcally.accepW.leorn™ 

™"°'"'«™*°f*»f°""'-''a)maybeadminis.eredinthefoteofapro.^ 

«*.ch ts broken do«™ in ate human or animal body to give a compound Of fte f^^^^ 
Example of prp-drugs include in.vivohydrolysable «»^ 



<VyO 9727188A1 I > 



••■■.wo 97/27188 . ...... '■•■-'•'•"■■■••■■■'-■••• PCT/GB97/00169- 

. -5- 

■ An in-yiyo hydiplysable.ester of :%coin^ of the fdrraula (1) cdntainihg carbbxy 
orhydrojQf group is, for examplevapharmaceudcally-acceptable'^^^ 
inthe human or aninial body to-jmKiuc^ 



phararamnicisny^iaeceptabre^^^ — 
5 example methoxy methyl; (l-6G)alkanoyloxymethyl esters, for example pivaloyloxymethyl; 
phthalidyl esters; (3-8C)cycloalkylcarbonyloxy-(l-6C)alkyl esters, for example 
1-cyclohexylcarbonyloxyethyI; l,3-dioxolcn-2-onyhnethyl esters, for example 5-methyl- 

iioxolen=2=onylmethylrand-(1^6e)aikroc ycarbonyloxyethyl esters, for example — 

1-methoxycarbonyloxyethyl; and may be formed at any carboxy group in the compounds of 
10 this invention. 

An in-vivo hydrolysable ester of a compound of the formula (I) containing a 
hydroxy group is, for example, a pharmaceutically-acceptable ester which is hydrolysed in 
the human or animal body to produce the parent alcohol. The term includes inorganic esters 
such as phosphate esters and a-acyloxyalkyl ethers and related compounds which as a result 
15 of the in-vivo hydrolysis of the ester breakdown to give the parent hydroxy group. 
riSmn]prlMofa-acyIbxyakyretHarei^^^ 



2,2-dimethylpropionyloxymethoxy. A selectioiTbfm-vivo hydrolysable ester forming 
-g roups for hydro xyJnclude.alkanoyJ,-bcnzoy4^enylaee^^d-substituted benzoyl-a^^ 



phenylacetyl, alkoxycarbonyl (to give alkyl carbonate esters), dialkylcarbamoyl andN- 

20 (dialkylaminoethyl)-N-alkyIcarbamoyl (to give carbamates), dialkylaminoacetyl and 
carboxy acetyl. 

Preferred compounds of the invention comprise a compound of the formula (I), or a 
pharmaceutically-acceptable salt thereof, wherein the substltuehts R' to R* have the values 
disclosed hereinbefore or have any of the following values : 
25 a) Preferably r' is of the formula -NHC(=0)(l-4C)alkyl. 

b) Most preferably r' is acetamido. 

c) In another aspect R' is hydroxy. , 

d) Preferably one ofR^ and R^ is hydrogenand the other is fluoro. 

e) Preferably r" is hydrogen, methyl or oxo. 
30 f) More preferably R^ is hydrogen or oxo. 

g) Most preferably R* is hydrogen. 
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5 (I-4C)alkanoylamino. 

i) ^°-P~y.R'ismethyI.ethyl.2,2,2.trifl^^^^^ 
methyltUomethyl, methoxycarbonylmethyl, caib^^^^^ 

J) Most preferably is 2-fluon)ethyl. 



10 



Hierefore, in another aspect of th. invention prefixed con,pou„ds of the invention 
compnse a compound ofthe formula (I) wherein: «emvention 

a) R' is of the formula -NHC(=0)(MG)alkyl; 
1 5 and is hydrogen and the other is fluoro; 
^R Ts^hydiogeh, methym TOCO 



R'«(I-6C)alkyloroftt.fo™UaR*(CHi).-.,.te«Hneid»rm > or2andR'is 



<'"^'^'V'«>»»yl. '»M»«<>yU M<r-4C)aIMcartomoyl or 

b) is of the formula -NHC(=0)(l-4C)alkyl; 

R and r3 is hydrogen and the other is fliioro; 
R is hydrogen, methyl or oxo; 

^5 «;'^('^C)alkyl„ofttefon™iaR\CH^.„he^^a...„is, or2and 

(l-4C)alkoxycarbonyl. carbamoyl. M-(I-4C)aIkylcarbamoyl or 
<«-(MK.-4C)a«cy,)carban,oy.. or m is 2 or 3 and R' h^^^^ 

30 c) R' is acetamido; 

R and r3 is hydrogen and the other is fluoro; 
R is hydrogen, methyl or oxo; 
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triflupromethyU (l^C)alkoxy, (l-4C)alkylS(0)p- (w^ 
— (4^e)alkoxycari>onyircarbainoylrH=(lr4e)all^^^ — -_ _— 

5 

d) r' is acetamido; 
R and R is hydrogen and the other is fluorq; 
— 4^4s-hydrogenrinetiiyl-or^xo; ', — 



R' is (1 -6C)alkyl or of the formula R*(CH2)«- wherein either m is 1 or 2 and R* is 
10 trifluoromethyl, fluoromethyl. (l-4C)alkoxy, (l-4C)alkylS(0)p- (wherein p is 0, 1 or 2), 
^ (l-4C)aIkoxycarbonyl, carbamoyl, tI-(I-4C)alkylcarbamoyl, or 

di-(M-(l-4C)alkyl)carbamoyl, or m is 2 or 3 and R* is hydroxy or (I-4C)alkanoylamino. 

e) R' is hydroxy; 
15 R^ and R^ is hydrogen and the other is fluoro; 

" R^ isiiydRrg(en, meaQ?l or oxo; ' ; 



R' is (l-6C)alkyl or of theibimuia r\CH^^' wherein either m is I or 2 and R* 
_ trifluorometh yX- (MC)a l koxy . (1 -4C)alky lS(-0-)p<Avherein^&^l-^r^ - - • 



(l-4C)alkoxycarbonyl, carbamoyl, H-(l-4C)alkylcarbamoyl, or 
20 di-(N-(l-4C)alkyl)carbamoyl. or m is 2 or 3 and R*' is hydroxy or ( l-4C)aikanoylammb. 

f) R* is hydroxy; 

2 3 

R andR is hydrogen and the other is fluoro; 
is hydrogen, methyl or oxo; 
25 R^ is (l-6C)alkyl or of the formula R^(CH2)„,- wherein either m is I or 2 and R^ is 
trifluoromethyl, fluoromethyl, (l-4C)alkoxy, (l-4G)alkylS(0)p- (wherein p is 0, 1 or 2), 
(1 -4C)alkoxycarbonyl, carbamoyl, N-(l-4C)alkylcarbamoyl, or 

di.(N-(HC)alkyl)carbamoyl, or m is 2 or 3 and r'^ is hydroxy or (l-4C)alkanoylamino. 

30 g) R^ is apetamidp; > 

: R^ and R^ is hydrogen and the other is fluorq; 
R"* is hydrogen or oxo; 
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tnfluon,methyl.<lH*G)alkoxy, (l-^C)a^kylS(0),-(whe^ein p is 0; 1 t>r 2) . : 
-(-Me)all«,,q,carbonyinarb^^^^^ 



h) R' is acetamido; 

R and r3 is hydrogen and the other is fluoro; 

-R-^s-hydrogen-orojro; 



R'is(.-6C).lkylorof A.fi.nnul.R'(CHJ„-wh«i„eiU,ermis . or2andR'is 

(,^e)a,koxy, (MC)a.MS(OV (w,„„i„ p is 0, . 6r2) 
(l-4C)alkoxycarbonyl. carbamoyl, M-{l-4C)alkylcarbamoyl or 

<UKU-(l-4C)a.M)carba,noy.. or m is 2 or 3 and R'i. h,d»^ or (MC)aikam,y,iiii,o. 

U R is acetamido; 

15 R^ and R^ is hydrogen and the other is fluoro; 

R^is^hydrogQi; .... 



R «"-«C)«*yloroffl»fi«™,taR^CHA.-»<«mdneiAermis . or2ai,a-R'^s 

(I-4C)alkoxycart)onyl, carbamoyl. M-(l-4C)all(ylcarbainoyl or ' 
20 diKHKMCaikyiJcarbamoyi, or m is 2 or 3 and R'is hydroxy or (.-4C)aKanoytoi.„. 

i) is acetamido; 

and is hydrogen and the other is fluoro; 
R^ is hydrogen; 

25 '^'"<l-«C).lkyl„rofd«f„n„WR^CHi)„.«hereinrffl,„„i,,„^,^^^,^ 
«fl»rome%,. fl«,o,„«ky,. (MQalk.,,,, (l-4C)aUcy.S(OV (wherciap is 0. 1 or 2) 
(MQalkoxycaitonyl, carbamoyl, N-(l-4C)allg.|carbamoyl or 
diKNKl 4C)aU^l)carbamoyl. or „ is 2 or 3 and R^. hydr^^y or (1.4^ 

30 k) R' is acetamido; 

R^ and r3 is hydrogen and the other is fluoro; 
R" is hydrogen; 



SDOCIO: <WO. 9727188A1 I > 



wo 97/27188 PiCT/GB97/00169 

-9- 

:R^is methyl, ethylvf 2, 2f 

methoxycarbonylmethyl, ca]i>ambylmethylv di<^-meth^ ■ 
"Z-HyaJoxyeWylW 2-(a^^^ ~ ~ - — -- -—— - — 



5 1) R' is acetamido; 

2 3 

R andR is hydrogen and the other is fliioro; 
R"* is hydrogen; 

is methyl, ethyl, ^-tnIluoroetl^ir2"-lludroethyl, 2.methoxyethyl, methylthiomethyK ~ 
methoxycarbonylmethyl, carbamoylmethyl, di^.methyl)carbamoylmethyU 2-hydroxyethyl o 
10 2-(acetamido)ethyl. 

■\ 

Particular compounds of the present invention are: 

N-((5S>3-(3-fluoro-4-(4-methyl-3-oxopipera2in-l-yl)phenyl)-2-oxooxazoIidin-5-yl)- 
niethyl)acetamide; 

15 NK(5S)0-(3-fluoro-4-(4-ethyl-3-oxopiperazin-l-yi)phenyl)-2-oxooxazolidin-5-ylmethyl)- 
acetamide;~. " '.~ " 

NK(5S)-3<3-fluoro-4-(4-(2,2^-trifluoroethyl)-3-oxopiperazin-l-yl)phenyI)-2- 
: — oxooxazoHdin-5-ylmethyl)aeetamide^ — — ^- 

N-((5S)-3-(3-fluoro-4-(4-(2-fluoroethyl)-3-oxopiperazin- l-yl)phenyl)-2-oxooxazoIidin-5-yl- 
20 methyl)acetamide; 

NK(5S>3K3-fluoro-4-(4-(2-hydroxyethyl)OM)xopiperazin-l-yl)phenyl)-2-oxooxazoiidin-5- 
ylmethyl)acetainide; 

N-((5S>3<3-fluoro-4<4K2-methdxyethyl)-3H)xopiperazin-l-yl)phenyl)-2-^xooxazolidi^ 
ylmethyl)acetainide; 

25 NK(5S)-3-(3-fruoro-4-(4-methylthiomethyl-3-oxopiperazin-l-yl)phenyl)-2-oxooxa2olidin-5- 
ylmethyl)acetamide; * 

N-((5S)-3-(3-fluoro-4<4-rnethoxycarbonyimethyI-3-oxopipera2in-l-yi)pheiiyl)-2- 
oxooxazolidin-5-ylmethyl)acetaimde; 

N<(5S>3-(3-fluoro-4-(4H»rbamoylmethyl-3-oxopiperazin.^ 
30 ylmethyl)acetamide; < v.--;'- • • ^ 

'N-((5S)-3-(3-fluoro-4K4-A^,i\^dimethylcart)amoyImethyl-3K)xopiperazin-^N 
.oxooxazolidin^5-ylmethyl)acetamide; 



SOOCID: <WO S72718SA1 I > 



-10- 

^-ylmetfayl),cttm<Mderor,JMinna^ 



5 methyl)acetamide; 

acetamide; "'cmyi; 
mpthyOacetamide; lu :> yi 

ylmethyl)acetamide; or pbarmaceutically-acceptable saJts thereof. 

An especially preferred compound of the invention is • 
NK(5S).3K3-fluoro-4K4K2.flu^^^^^^^ 

methyl)acetamide; or pharmaceutically-acceptable salts thereof. 
oU^or.uraa)orapharnrac^^^^^ 

(I) may be prepared by depiotecting a compound ortfie fonnula (II): 




20 

01) 



25 



«h«eta R^R'a« ashc^inabove <tefl„ed. R'»is r' ^„ ^ R»or p^toed 

andthereafter, if necessaly. ftmning a phannaceutically-acceptable s^^^ 

^ groups n«y l«™:,„ved by any c„nvem«ttmcttHKl as de^ribed tt 

1~ or k„„™ ,o sidlled pheoUs, as app„,p.uue for «„,ovaI of a« p™te«,Wg„,„p 

m question. s„ch«ed.pdsbe>„g .hosensoas^ eff«.™„„val,fu,ep,„.^^^^ 
mumnum disturijance of groups elsewhere in the molecule. 
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, Specific example^ 

vyhich "lower": signifies that Ae group to wluch itis applied preferably has 1>4 carbon atbms; It 

be understood-thar*esBTBxarapies~ar& ii6t^^^^^ - - 

forthe feffii5^^~df protectiiiggroup^^ these are simrar^ . 

5 use ofprotecting groups and methods ofdeprotection not specifically mentioned is of course 
within the scope of the invention. 

A carboxy protecting group may be the residue of an ester-forming aliphatic or 

araiiphatic alcohol x>rt>fan-eiiler-funning silanol (the said^cofiol or silanpl preferably 

containing 1-20 carbon atoms). 

10 Examples ofcarboxy protecting groups include straight or branched chain 

(l-12C)alkyl groups (eg isopropyU isn-butyl); lower alkoxy lower alky 1 groups (eg 
methoxymethy 1, ethoxymethyl, isobutoxymethyl; lower aliphatic acyloxy lower alkyl groups, 
(eg acetoxymethyl, propionyloxymethyl, butyryloxymethyl, pivaloylbxymethyl); lower 
alkoxycarbonyloxy lower alkyl groups (eg I -methoxycarbonyloxy ethyl, 

15 l-ethoxycarbonyloxyethyl);aryl lower alkyl groups (eg p-methoxybenzyl,Q-nitiobenzyl, 
C^Hitroba^UTSOTzfiydi^^ alliyQsiiyI gi^^i^s (eg trimethylsilyl and 
IfiH-butyldimethylsilyl); tri(lower alkyl)silyl lower alkyl groups (eg trimethylsilylcthyl); and 
— (2d6C)alkenyi-groupsXgg allyl and vinyletf^)^ ^-^^ '■ — : 

Methods particularly appropriate for the removal of carboxyl protecting grotips 
20 include for example acid-, metal- or iem^mically-catalysed hydrolysis. 

Examples of hydroxy protecting groups include lower alkenyl groups (eg allyl); lower 

alkanoyi groups (eg acetyl); lower alkoxycarbonyl groups (eg isd-butoxycarbonyl); lower \ 
alkenyloxycarbonyl groups (eg aUyloxycarbonyl); aryl lower alkoxycarbonyl groups (eg 
bCTzoyloxycaibonyl, p-methoxyben2yloxycarbonyl, i2-nitrobenzyloxycarbonyl, 
25 p-nitroben^loxycarbonyl); tri lower alkyl/arylsilyl groups (eg trimethylsilyl, 

len-butyldimethy Isilyl, Ififl-rbutyldiphenylsilyl); aryl lower alkyl groups (eg benzyl) groups; and 
triaryl lower alkyl groups (eg triphenyhnethyl). 

Examples of amino protecting groups include formyl, aralkyl groups (eg benzyl and 
substituted benzyl, eg ii-methoxyben2yl, nitrobenzyl and 2,4-dimethoxybenzyl, ani 
30 triphenylme&yl); di-j^-anisylmethyl md fuiyh^^ . 

tsrt-butoxycarbpnyl); lower alkenyloxycarbonyl (eg ally loxycarbonyl); aryl low 
alkoxycarbonyl groups (eg benzyloxycarbpnyl, p-methOxybenzyipxycarbonyl, : ; ■ 
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S^Wtiobettzyldx^ 

Jeil^butyldiinethylsilyl); alk^^ (eg methyliderie); ben^lideiie and substituted benzylidene 



groups. 



"Methods appropriate ror removal of hydrolc^ and amino protecting groups Ihcfude, for ~ 
5 example, acid-, metal- or enzymically-catalysed hydrolysis, for groups such as 
Sl-nitrobenzyloxycarbonyl, photolysis and for groups such as silyl groups, fluoride. 

Examples of protecting groups for amide groups include aralkoxymethyl (eg. 

benzyioxymetiyl and subsnnited benzyloxymethyi); aikoxymethyl (eg. m ethoxymethyl and 

trimethylsilylethoxymethyl); trialkyl/arylsilyl (eg. trimethylsilyl, t-butyldimethylsilyl, isn- 
10 butyldiphenylsilyl);tri alkyyarylsilyIoxymethyl(eg.len-butyldimethylsilyloxyme^^ 

JeH-butyldiphenylsilyloxymethyl); 4-alkoxyphenyl (eg. 4-methoxyphenyI); 2,4- Q 
di(alkoxy)phenyl (eg. 2,4-dimethoxyphenyl); 4-alkoxybenzyl (eg. 4-meflioxybenzyl); 2,4- 
di(alkoxy)ben2yl (eg. 2,4-di(mcthoxy)benzyl); and alk-l^yl (eg. allyl, but-1 -enyl and 
substituted vinyl eg. 2-phenylvinyl). 

15 Aralkoxymethyl. groups may be introduced onto the amide group by reacting the latter 

S^^PwTthiBi^p 

Aikoxymethyl, tri alkyl/aryisilyl and tri alkyl/silyl groups may be introduced by FeaSing the 
amide vwth^he-apprepaat&^oride^d^-^ovingwitiiaeidroHn^he^j^^ 



containing groups fluoride ions. The alkoxyphenyl and alkoxybenzyl groups are conveniently 
20 introduced by arylation or alkylation with an appropriate halide and removed by oxidationwith 
eerie ammonium nitrate. Finally alk-l-«iyl groups may be introduced by reacting the amide 
with the appropriate aldehyde and removed with acid. 

For finther examples of protecting groiq)s see one of the many gerieral texts on the 
subject, for example, 'Protective Groups in Organic Synthesis' by Theodora Green (publisher: 
25 John Wiley & Sons). 

In another aspect of the present invention the compounds of the formulae (I) and (II) 
and pharmaceutically-acceptable salts thereof can be prq>ared :- 

a) by modifying a substituent in, or introducing a substituent into, another compound of 
the fonnula (I); 

30 b) : < when is of the formula - NHS(0)„(l-4C)alkyl, wherein nik 1 or 2; by oxidising a 
compound of the formula (I) wherein n is 0 or, when rt is 2 by oxidising a compound of the 
fonnula (I) wherein n is i; ; ; 
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ic) - wdien is of the foimularNHG(f<))(l^G^^ or>NHS(0)^(l^G)allqrl, by reacting 
a compound of the fomiula (in) with a compound of the forniu^^^ 




aii) 



5 (IV) 
d) when R' is hydroxy, by reacting a compound of the formula (V) with a compound of 



the formula (VI): 



r11 — N N 



r3 




O 



NH 



o 



R 



14 



10 



(V) 



(Vl> 



iRnnniri- -wn 0-707 1 oa a * 1 < - 
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the fonnula (I) or GI) wherein R! or R'? is hydrox^^ 



XT 



HN 

^CO(1-4C)alkyl 



(VII) 



wherein R^-R", r'" and R" are as hereinabove defined, 

R'^ is of the foimula -C(=0)(1.4C)alkyl or -S(0)„(l-4C)alkyl, 

R" is (l-6C)alkyi or benzyl, r'" is (l-6C)alkyl and l' is a leaving group; 

leiLifLnecBSsaiy: i) temovirig.anyj)rotectin&groups; 



5 



ii) fonning a phannaceuticalIy-ao:«ptable salt. 



Methods for converting substituents into other substituents are known in the art. For 
example an alkylthio group may be oxidised to an alkylsuiphinyl or alkysulphony 1 group, a 
cyano group reduced to an amino group, a nitro group reduced to an amino group, a hydroxy 
10 group alkylated to a methoxy group, or a bromo group converted to an alkylthio group. 

Compounds of the foraiula (I) or (II) wherein r' or r'" is -NHS(0)„ (l-4C)alkyl can 
be prepared by oxidising a compound of the fonnula or (II) with standard reagents known in 
the art for the oxidation of a thio group to a sulphinyl or sulphonyl group. For example, a thio 
group may be oxidised to a sulphinyl group with a peracid such as m-chloroperoxybenzoic acid 
15 and oxidising agents such as potassium permanganate will convert a thio group to a sulphonyl 
group. Compounds of the formula (I) or (II) wherein R' or R'^s -NHS(l-4C)alkyl can be 
prepared by reacting compounds of the formula (III) with a reagent such as (l-4C)alkylSGl. 

Standard reaction conditions for the acetylation of an amine group in a compound of 
the formula aH) pr its conversion to a sulphoriamido group ai« known in the art. For exarnple, 
20 the amino group can b^ ace^lat^d to giyc an acet^ 
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procedure; reacting the comi^imd of the fpi^ 

hydroxide and THF in a temperature range of 0"^ to 60°C, preferably between O'^C and ambient 
femperature. Pf eferatel)MQiel^ 

of a conipoiind of thes formula (IIIA) (below), by performing the hydrogenation in the presence ~ 
5 of acetic anhydride. 

A compound of the formula (III) could for example be converted to a compound of the 

1 10 

formula (i) or (II) wherein R or R is (1-4C)S02NH- by reacting the compound of the formula 
(IlITwilhXsfflprol^l cH 

with mesyl chloride in a mild base such as pyridine. 
1 0 Alternatively compoimds of the formula (I) or (II) wherein R* or R'^ is 

(l-4C)alkyIS02NH- or (l-4C)alkylSONH. may be prepared by reacting a compound of the 

fomiula (III) v^th a compound of the formula (IV) wherein is a phthalimido group, or 

preferably is halo, for example chloro. 

The compound of the formula (IV) wherein is phthalimido may be prepared by 
15 oxidising a compound of the formula (IV A): 




OVA) 

with standard oxidising agents known for the conversion of a thio group to a sulphinyl or 
sulphonyl group. Compounds of the formula (TV A) can be prepared by reacting phthalimide 
20 with an alkylthiohalide, preferably the alkylthiochloride ((l-4C)alkylSCl). 

A compoxmd of the formula (III) may be prepared by reducing a compound of the 
formula (IIIA): 

25 
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(IIIA) 



5 wherein R^R' and R^' are as hereinabove defined. ~ ~ 

Suitable reducing agents include triethylamine/hydrogeh sulphide, triphenylphosphine 
or phosphite ester, or hydrogen in the presence of a catalyst. More specifically a compound of 
the formula (IIIA) may be converted to a coriipound of the formula (IH) by heating it in an 
aprotic solvent, such as l ,2-dimeth6xyethane, in the presence of P(OMe)3 and subsequently 
10 heating in 6N aqueous hydrochloric acid, or reacting it with hydrogen in the presence of 

palladium on carbon in an ^tic solvent such as DMF or ethyl acetate. For further details on 
- reduction of azides to aminesjee USP 4,705,799. A compound of the formula (LllA) 



may 



be reduced and converted to a compound of the formula (1) or (LI) m sitU using acetic anhydride 
in DMF. ^ 



-,3- ^ compound oftheToraiuia (UIa) may be preparwTby reacting a compound of the 

formula (IIIB): 




20 



(niB) 



wherein R" is mesylpxy or tosyloxy, with a source of azide. For example, by reacting ailB) 
witii sociium azide in an inert solvent such as DMF in a temperature range of ambient to 1 00**C, 
nonnally in tiie region of 75°C - SSOQ. A compound of tiie formula (IIIB) may be prepared by 
25 converting tiie hydroxy group in a compound of tiie formula (I) or (II) wherein r' or r''* is 
hydroxy into a tosyloxy or mesyloxy group by standard methods known in the art For example, 



SpOCID: <WO 97271 88A1. I > 



-17- 

cMoride in the presence of a mild base such as triethylamine. 

~?^*emafivelyraxonipou^ 
pfocKsestolKoserm^^^ 
5 formulae (I) and (II). 

Compounds of the fomiulae (V) and (VI) are conveniently reacted together in the 
presence of a strong base such as butyl lithium, lithium hexamethyldisilazide, lithium Jsfl- 
— butoxide , or lithium diisoprOpylamide^Thereacfioirrsconv carried out in an inert 

solvent such as tetrahydrofuran (THF). dimethylfoimamide (DMF), MJ^'- 
10 dimediylpropyleneurea (DMPU) orN-methylpyrrolidone in a temperature range of -78°C to 
-50*»C for the deprotonation and cyclisation. Suitable values for R" include ethyl and benzyl 
and suitable values for R'" include ethyl and n-propyl, preferably n-propyl. 

A compound of the formula (V) is conveniently prepared by reacting a chloroformate 
of the formula (CICOOR'^) wjth a compound of the fomiula (VA): 

15 




^ (VA) 

20 Wherein R^-R* andR" are as hereinabove defined. The reaction is conveniently carried out in 
the presence of an inorganic or organic base such as sodium bicarbonate or an amine base such 
as dimethylaniline, the former in a solvent such as acetone/water and the latter in an organic 
solvent such as THF, toluene, DMF or acetonitrile: 

A compound of the formula (VA) may be prepared by reducmg acompound of the 
25 formula (VB): 



"IS- 



5~wherein R^-R"* and r'^ are as hereinabove defined. 

Many reduction methods suitable for the reduction of a nitro to an amino group are 
known in the art, for example catalytic hydrogenation and metal reductions. Smtable catalysts 
in catalytic hydrogenation include Raney nickel, platinum metal and its oxide, rhodium, 
palladium-on-charcoal and Wilkinson*s catalyst RhCl (Ph3P)3. Catalytic hydrogenation is 

10 conveniently carried out in the temperature range 0**C - 1 SO^C^ but preferably at ambient 
temperature at slightly above atmospheric pressure. 




(VB) 



A compound of the fomiula (VB) is conveniently prepared by reacting together 



compoimds of the formulae (VC) and (VD): 




o 



(VC) 




N I 



NH 



20 



(VD) 
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in particular fluoro. 

The-feaction-between compoimas offfieToiSnmae^^^ in the~ 



ptesenJSS-ofWimgmicoT inorganic Mse~sucirais"s^ or^ 
5 amine base such as diisopropylethylamine, in an inert solvent such as acetonitrile, DMF, DMPU 

or N-methylpyrrolidone, in a temperature range of SO^'C - 150°C. 

Compounds of the fonnula (VD) may be prepared by introducing R" into a compound 
— oft lie for muia-(V^: ^— ^ — ^ ■■ — 77 — — — ■■ 

O 

HN N--r16 



10 R'* 



(VE) 



wherein r'* is a protecting group, and subsequently removing r'* (deprotecting). Preferably 
15 R'* is / erz-butoxycarbonyl. 



For example, when r" is a substituted or unsubstituted alkyl group, the compound of 
the formula (VE) may be reacted with R' '-L^ wherein is a leaving group, in particular 
tosylate or halo in the presence of a strong base. Suitable bases include sodium hydroxide, 
lithium diisopropylaraide,butyllithium and potassium butoxide. The reaction is usually 

20 p^ormed in an inert solvent such as THF or DMF in a temperature range of O'C - 1 OO^C. 

Alternatively, when R' ' is alkyl substituted by an electronegative group, r' ' may be 
introduced into the compound of the formula (VE) by reacting it with the related alkene. The 
compound of the formula (VD) wherein R' ' is 2-hyjdroxyethyl may be prepared by heating the 
compound of the formula (VE) with ethylene oxide in the temperature range of 

25 40°C- lOO^C 

It may be synthetically simpler to prepare some compounds of the fonnula (VD) by 
introducing a substituent 9nt9 the laisu 

(VE) which could subsequently be converted into the desired R". For example. 
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itself could be alkylated to alkylamino. ] 
~~ TTxT"^^^ tormula (I) or (II) wherein or R^^ is hydroxy 

~~ ;^th an amide of thelformula (VIiyiTconveiiiently carried out in the presence of tri-n- 

5 butylphosphine and Ul *-(azodicarbonyl)dipiperidine in an organic solvent such as THF, and in 
the temperature range 0^ - 60^C, but preferably at ambient temperature. Details of analogous 
Mitsunobu reactions are contained in Tsunoda et al, TetXetts., M, 1639, (1993). Amides of the 
formula (Vll) may be prepared by stand^d procedures ot organic chemistry which are within 
the ordinary skill of an organic chemist, 

10 Whenanoptically active form ofa compound ofthe formula (I) is required, it may be 

obtained, by carrying out one of the above procedures using an optically active starting material O 
or by resolution of a racemic form of the compound or intermediate using a standard procedure. 

According to a further feature of the invention there is provided a compound ofthe 
formula (I), or a pharmaceutically-acceptable salt thereof, for use in a method of treatment of 
15 the human or animal body by therapy. 
~ Accbrding~tb^ 

producing an antibacterial effect in a wann blooded animal, such as man, in need of such 

^^tmcnty which compriscs^dministering^o^idanimal-aneffe^^ of 

the present invention, or a pharmaceutically-acceptable salt thereof 
20 The invention also provides the use of a compound of the present invention, or a 

pharmaceutically-acceptable salt thereof^ in the manufacture ofa novel medicament for use in ^ 

• - • ■ ■ \ J 
the production of an antibacterial effect in a warm blooded animal, such as man. 

In order to use a compound ofthe formula (I) or a pharmaceutically-acceptable salt 

thereof for the therapeutic treatment of mammals including humans, in particular in treating 

25 infection, it is normally fomiulated in accordance with standard pharmaceutical practice as a 

pharmaceutical composition. 

Therefore in another aspect the present invention provides a pharmaceutical 

composition which comprises a compound of the formula (I) or a pharmaceutically-acceptable 

salt thereof and a pharmaceutically-acceptable carrier. 

30 The pharmaceutical compositions of this invention ihay be administered in standard 

manner for the disease condition that it is desired to treat, for example by oral, rectal or 

^^v^^^^.} v;p For these pi^rposes the compoimds of this invention may be 
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formulated by means Idiovni in tl^^^ intp: the fonh 6J^ tot ^campl^'tabletsy capsutes^ - '^^^ 
aqueous or oily solutions or suspensions, (lipid) emulsibns, disi^rsible powders. 



suppositories, ointments, creams, eye drops, nasal drops and sterile injectable aqueous or 
oily solutions or suspensions. 
5 In addition to the compounds of the present invention the pharmaceutical composition 

of this invention may also contain, or be co-administered with, one or more known drugs 
selected from other clinically useful antibacterial £^ents (for example p-lactams or 

ammogiycosides). The^lns^mclude penTdlUns, for example oxaciHin or flud 
carbapenems, for example meropenem or imipenem, to broaden the therapeutic effectiveness. 

10 Compounds of this invention may also contain or be co-administered with 

bactericidal/permeability-increasing protein (BPI) or efaux pump inhibitors to improve activity 
against Gram-negative bacteria and bacteria resistant to antimicrobial agents. 

A suitable pharmaceutical composition of this invention is one suitable for oral 
administration in unit dosage form, for example a tablet or capsule which contains between 

15 lOOmg and Ig of the compound of this invention. 



In another aspect a pharmaceutical composition of the invention is one suitable for 
intravenous, subcutaneous or intramuscular injection. 

Each patient may receiverfor example, a daily intravenous,'subcutMieous^ 

intramuscular dose of 5 mgkg-1 to 20 mgkg-1 of the compound of this invention, the 

20 composition being administered 1 to 4 times per day. The intravenous, subcutaneous and 
intramuscular dose may be given by means of a bolus injection. Alternatively the intravenous 
dose may be given by continuous infusion over a period of time. Alternatively each patient will 
receive a daily oral dose which is approximately equivalent to the daily parenteral dose, the 
composition being administered 1 to 4 times per day. 

25 ■ 

Antibacterial A^^tjyj^ 

The pharmaceutically-acceptable compounds of Oie present invention are useful 
antibacterial agents having a good spectrum of activity in Mlltt against standard Gram-positive 
organisms, which are used to screen for activity against pathogenic bacteria. Notably, the 
30 pharmaceutically-acceptable compounds of the present invention show Activity against 

enterococci, pneumococci and methicillin resistant strains of S. aureus and coagulase negative 



cyT07<«aaai i •k. 
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staphylococcfeiThe;^^ 



potency of a particular compdiind raaj^ bfe 



detennined in a standard test system. 



5 f'^T?"^'^'''"^"*^'^''^^ 

5 observed when compounds of the fonnula I are so Msted. 

Jl«fi'"owing„s.Ks«creob«.«io„as«.«.,„,toa«ra.e«sy The activity is 

^gauims n l e Uuuque with aa moculun, size of 1 ■ ■ ■. ^ 

■6ioe„..- ^'^'''^"*"'^''°"'*"-"^«»'»-'-'»"<'f.04eFU/^^„ 

Streptococci and enterococci were tested on agar suppl«„eMed with 5% defiten,, h 
ho^b^,aninoc.U...nof,o4cPU/sp«andaninenhation.e.^^ 



— Exam ple - 



2Q Staphylococcus aureus: 

Oxford 
Novb. Res 
MRQS 
MRQR 

25 Coagulase Negative Staphylococci 

MS 
MR 

Streptococcus pyogenes 

C203 

30 Enterococcus faecalis 
Bacillus subtilis , 



1 
2 
2 
4 

0.5 
1 

1 
2 
1 
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Novb. Res ^ Novobiocin resistant 
MRQS = methicillin resistant quinolone sensitive . 
~MRQR~=metKidIUirresistant"q^^ ~ 

MR7=lSietKi"cillin^^^^^ " ~ ~ ■ '. ' -— - 

5 

The invention is now illustrated but not limited by the following Examples in 
which unless otherwise stated : 

r^— evaporations wCTexariBd ouf ^rotary evaporation in vacuo anH wr^ri^I.^ 

procedures -were carried out after removal of residual solids by filtration; 
•0 (ii) operations were carried out at ambient temperature, that is in the range 1 8-26*0 

and in air unless otherwise stated, or imless the skilled person would otherwise work under 
an inert atmosphere; 

(iii) column chromatography (by the flash procedure) was performed on Merck 

Kieselgel silica (Art. 9385); 

15 (iv) yields are given for illustration only and are hot necessarily the maximum 

^EMainable; " 

(v) the structures of the end-products of the formula I were confimied by NMR and 
m a ss sp e ct raUechniques [proton-magne4ie-resoHan c e sp c ctr a-were-determined in D 



unless otherwise stated using a Varian Gemini 2000 spectrometer operating at a field 
20 strength of 300 MHz, or a Bruker AM250 spectrometer operating at a field strength of 250 
MHz; chemical shifts are reported in parts per million downfield (6 scale), using 
tetramethysilane as an internal standard when using CDCI3 but otherwise using an internal 
signal when using D6-DMSO; and peak multiplicities are shown thus: s. singlet; d. doublet; 
dd, doublet of doublets; ddd, doublet of double doublets; t, triplet; q, quartet; dq, doublet of 
25 quartets; m, multiplet; dm, doublet of multiplets; br, broad; fast-atom bombardment (FAB) 
mass spectral data were obtained using a Platform spectrometer (supplied by Micromass) 
run in eiecti-ospray and, where appropriate, either positive ion data or negative ion data were 
collected]; 

(vi) intermediates were not generally fully characterised and purity was in general 

30 assessed by tiiin layer chromatographic, infia-^red (IR), mass spectral (MS) or NM^^ 
analysis; 

and 
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the following abbreviations have bee 

NJa-dhnethylfonnamide; 

THF 



TFA 
DMSO 
CDCI3 
CI 

DMPU 



tetrahydrofuran; 



Pcr/GB97/biaii69 



trifluoroaceti c acid; ■■ 
dimethylsulfoxide; 
deuterated chloroform; 
chemical ionization; 

l,i-dimemyi-3.4,6,6-tetrahydro-2(lH)-pyriSidiii^ 
(NJJi-dimethylpropylene urea). 



■ o 

r ■ ■ ■ . 
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Examplg 1 . 

(5R)-5-A2idomethyl-3-(3-fluoro-4r {4-methyl-3-oxopiperazin- 1 -yl) phenyI)oxazolidin-2-one 
(820img) was dissolved in cIixDMF:(20 mi);anirth^^^^ purged with argoHTPailadiuin ~ 
(10% on cM^Boii7T64mg)~was a^^ 
5 hours under hydrogen confined in a balloon. Pyridine (0.38 ml) and acetic anhydride (0.44 ' 
ml) were added, and the mixture stirred at ambient tempnature for 16 hours. The mixture 
was evaporated to diyness, and chromatographed on silica using as eluant a gradient 
increasragin polarity from 0 to 5% methanol in dicKloromethane. Relevant fractions were — ~ 
combined and evaporated to give N-(5S)-[3-(3-fluoro-4-{4-methyl-3-oxopipera2in-l- 
10 yl}phenyl)-2-oxooxazolidin-5-ylmethyI]acetamide(350mg). 

MSjCElfisatosciax); 365 (MH+). 

NMRfCPCil X^ 2.02 (s,3H); 3.03 (s.3H); 3.41 (t,2H); 3.46 (t, 2H); 3.55-3.72 (m, 
15 2H); 3.76. 3.77 (s + dd, 2H + IH); 4.06 (t, IH); 4.76 (m, IH); 6.17 (br t, IH); 6.91 (t, 

myirmimimyrTM (dd, mjr 



IheX3R)^-^domethyl^343=fluorQ-4-44-me4hyl-3-oxopipera2in-4-yl>pfae nyl)o 

one used as starting material was obtained as follows :- 

20 

l-/er/-Butoxycarbonyl-3-oxopipera3dne (see Tetrahedron Lett. (1980), 21(32), 301 9-20 for 
ouUine of synthesis, 5g) was dissolved in dry DMF (75 ml) and potassium /cr/-butoxide 
(3.08g) was added. The mixture was stirred at ambient temperature for 1 hour, then 
iodonaethane (3,9g) was added, and stirring continued at the same temperature for 2.5 hours. 

25 Solvent was evirated, and the residue chromatographed on silica, using as eluant a 
gradient increasing in polarity from 0 to 1 00% ethyl acetate in iso-hexane. Relevant 
fractions were combined and evaporated to give 1 -/er/rbutoxycarbonyl-4-methyl-3- 
oxopiperazine (3.92g). 

30 MSiCDl :215(MH+). 

NMR rrpCl; ^X^ 1.48 (s, 9H); 3.01 (s, 3H); 3.35 (t, 2H); 3.66(t,2H); 4.08 (s, 2H). 
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l-zm-Butoxycarb onyl^ 
aciT(80 mI)7OTthe imxt^ 



evaporatedlofflve i-methyT^-oxopiperaane^ salt. with ; 



was 



some excess 
5 trifluoroa:etic acid. 



MS (mi 114 (MH+). 



NMR rCPr i i l^ 3.11 (S.3H); 3.62 (t, 2H); 3.72 (t, 2H); 4.05(s.2H). 

10 

A^^i^-Diisopropylethylamine (1 1.5 ml) and 1 -methyl-2-oxopipe«zine (4.12g) were add«l tcJ Q 
a solution of 3,4-dlfluoronitmbenzene (1.82 ml) in acetonitrile (100 ml), and the mixture 
heated to reflux for 16 hours. Solvent was evapomted. and the residue chmmatographed on 
sihca, using as eluant a gradient increasing in polarity ftom 0 to 100% ethyl acetate in iso- 
15 hexane. Relevant fractions were combihed andevaporated to give 3-fluoK>-4-(4-methyl-3- 

oxopiperaan:i:yl)nitroben2ene(3.37g). : ' — 



20 m^immn^ 3.06(s,3H); 3.53(t,2H); 3.67 (t.2H); 3.97 (s,2H); 6.90 (t IHV 
7.95 (dd,lH); 8.02 (m,IH). ' 

3-Fluoro^4.methyl.3.oxdpipera2in-l-yl)mtrpbenzene (3.33g) was ^^^^^ 

OfDMF (40 ml) and methanol (10 ml), and the solution flushed with argon. Ammonium 
25 fonnate (4.15g) was added, and ti.e mixture cooled to 5- C. Palladium (10% on carbon. 

104mg) was added, and tiie temperature allowed to rise to ambient as ti,e mixture was 
stirred under argon for 2 hours. Solvents were evaporated to give an air sensitive pix>duct 5- 

amino-2-(4-methyl.3.oxopiperazin-l-yl)fluoroben2ene, which was used as such in tiie ncn 
stage. 

30 ■ ■/ 

MS (CI): 224 (MH+). 
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NMR (CPCliX^ 3.02 (Si 3H); 3.27 (t, 2H); 3.42 (t, 2H); 3.69 (s, 2H); 4;13 (br s, 2H); 
6.40 (m, IH); 6.44 (dd, IH); 6.77 (t, IH). 



5-Amino-2^^mShyI-3-dx^^ 
5 (40 ml) under, argon, and the solution cooled to -20*'C. TV^-Dimethylaniline (2.1 ml) was 
added, followed by benzyl chlorofoimate (2.07 ml), and the mixture stirred for 10 minutes at 
-20''C. The temperature was allowed to rise to ambient over 16 hours. The mixture was 

diiuted with etf iyl acetate, and -washKl twier^ ^ water, and then brine. After drying 

(MgS04) and evaporation of solvent, the residue was chromatographed on silica, using as 
10 eluant a gradient increasing in polarity from 0 to 5% methanol in dichloromethane. 

Relevant fractions were combined and evaporated to give 5-benzyloxycarbonylamino-2-(4- 
methyl-3-oxopiperazin- 1 -yl)fluorobenzene (4.6g). 

MS fCTV 358 (MHt). 

15 



(t, lH); 6.98 (in, 2H); 733(m,6H). " 



5-Benzyloxycarbonylamino-2-(4-methyl-3-oxopipera2in-l -yl)fluorobenzene (4.5g) was 
20 dissolved in dry THF (100 ml) under argon and the solution cooled to -TS^C. A solution of 
i2-butyllithium (8.67 ml, 1.6 M in hexane) Was added to this whilst keeping the temperature 
below -60*»C. The mixture was stirred for 5 minutes and (^>-gIycidylbutyrate (1.86 ml) was 
added. Stirring was continued at -78°C for 30 minutes and the temperature then allowed to 
rise to ambient over 16 hours. The mixture was evaporated to dryness and then treated with 
25 dichlorpmethaiie. The mixture was filtered to give (5R)-3-(3-fluoro-4-{4-methyI-3- 
oxopiperazin-l-yl)phenyl)-5-hydroxymethyloxa2olidin-2-one(409mg). The residual 
organic solution was washed twice with water, and then brine. After drying (MgS04) and 
evaporation of solvent, the residue was chromatographed on silica, using as eluant a gradient 
increasing in polarity from 0 to 6% methanol in dichloromethane. Relevant fractions were 
30 cspmhined and.evaporated to give fiirther (5R)-3-(3-fluoro-4-{4-methyl.3-oxopiperazin^l - 
yl}phenyl>5-hydrQxymethyloxazolidin-2-one product (535mg). 



ISDOCID; <VVO '9727iaaA1 i > . 



^ wo 97^7188 

MS (CI): 324 (MH+). 



-28- 



PCT/G^/00169 



3Hr3:82n[mniir 334 (da7m);-4m^t^ 



5 7.14 (dd, IH); 7.56 (dd. lH). 
(5R)OK3-Fluoro^.{4.methyl-3-oxopiperazi„.l.yI}^^^^^^^^ 

and mcthanesulfonyl chloride (0.24 ml) were added, and stirring continued at S^C for 2 
10 hours. Solvent was evaporated, and the residue chromatographed on silica, using as eluant a 
gradient increasing in polarity from 0 to 3% methanol in dichloromethane. Relevant 
fractions were combined and evaporated to give (5R).3.(3.fluoro-4.{4-methyl.3. 
oxopipera2in.l-yl}phenyl>5Kmethanesulfonyloxymethyl)oxa2olidiri.2-on^ 

15 MS fFlP^n.^<;p|^y^. (MH-*-). 



-^^^^^^^^1^ 3.04(s,3H); 3.n(s.3H); 3.42 (dt, 4H); 3.77 (s.2H); 3.93 (dd IH)- 
-4Ji4t,JH);-4^dq,^)M-92-(m.lH);^^ 



20 Sodium azide (924mg) was added to a solution of (5R)-3-(3-fluoro-^-{4.methyl.3. 

oxopiperazin.l-yl}phenyl>5-(methanesulfonyloxymethyl)oxa2olidin-2M>ne (950mg) in dry 
DMF (50 ml), and the mixture heated at 75«>C for 2 hours. The mixture was diluted with 
ethyl acetate and washed with three portions of water. The aqueous layer was then back- 
extracted with two portions of ethyl acetate, and the combined organic extracts dried over 

25 MgS04. Evaporation gave (5R)-5-azidomethyl-3<3.Huoro.4-{4-methyI.3-oxopipera2in.l- 
yl>phenyl)oxa2oIidin.2K>ne product which was used without further purifiw^^^^ 

MSiCDi 402 (MH+). 

30 MMB4CIK:i2i^ 3.03(s.3H); 3^^ IH); 3.71 (dd. IH); 377(s 

2H); 3.83(dd.lH); 4.06(UH); 4.80(m, lH); 6.91 (t, IH)J 7.12 (dm. IH); 7:51 (dd. 
IH). ' 
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Examplfe2 

(5R)-5-A2idomethyl-3-(3-fluoraT4-{4-6thyl-3-bxopiperazin-l-yl}phen^^ 
~ (750mg) vrasidissolved in a mixture of DMF(5 mT)and ethyfacetateX 1 0 ' 
solution purgecTwlA 

5 acetic anhydride (0.4 ml) and the mixture stirred at ambient temperature under hydrogen 
confined in a balloon for 2 hours. The niixture was filtered through celite, evaporated to 
dryness, and chromatogr!q>hed on silica, using as eluant a gradient increasing in polarity 
from'OTorn)%meQianol in dichloromethane. Relevant fractions were combined and 
ev^orated, and the residue purified by oystallisation from acetonitrile to give N-(5S)-[3.(3- 

10 fluoro-4-{4-ethyl-3-oxopiperazin-l-yl}phenyl)-2-oxooxazolidin-5-ylmethyl]acetamide 
(145mg). 

MS (Flt^rtrnQprayV 379 (MH+). 

15 NMRfPMf>0-Pf>) fi- 1.06 (t,3H); 1.83 (s,3H); 3.25-3.45 (overlapping m. 8H); 3.59 (s, 
2H); XTOTdd; iH)rXr7 (t, IH); 4.7d~(7^,lH)r7.17 (t, IH); 7:3T(dd, IH); TTsl^dd" 
lH);8.19(brt, IH). T" 



The(5R)-5-azidomethyl-3-(3-fluoro-4-{4-ethyl-3-oxopiperazin-l-yl}phenyl)oxazolidin-2- 
20 one used as starting material was inepared as follows :- 

1 -/cr/-ButoxyQarbonyl-3-oxopipera2ine (7.5g) was dissolved in dry DMF (250 ml) and 
potassium /er/-butoxide (8.4g) was added. The mixture was stirred at ambient temperature 
for 30 minutes, then iodoethane (3.3 ml) added, and stirring continued at the same 
25 temperature for 24 hours. A further equal portion of iodoethane was added and stirring 
continued for 24 hours. Solvent was evaporated, and the residue partitioned between ethyl 

acetate and water. The organic layer was washed with water, evaporated, and purified by 
chromatography on silica, using as eluant a gradient increasing in polarity from 0 to 25% 

isopropanol in iso-hexane. Relevant fiactioiis were combined and evaporated to give 1 -/er/- 
. V f 3a M»toxycarbonyl-4^yl-3-oxopiperazine^^^ v ; ^ 



i.Qnor.in- ^wn 
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1.16(t,.3H);.;L 3.64(t,2H); 



(s,2HJ, 



4.06 



5 l-/er^ButoxycarbonyI-4-ethyl-3^xopiperazine (^^^^^^ was dissolved in dicliloK,metha„e 
(100 ml), cooled in an ice-bath, and trifluoroacetic acid (145 ml) added. The mixture was 

stirred at the same temperature for 2 hours. Solvent vvas evapomted to yieW 
oxopiperazme -■ ■ — — ^ ^ — ■ 



product as a salt with 3 moles of trifluoroacetic acid. 

10 

MSiCD: 129 (MH+). 

^IMaXDMSiHM±£Da£Q2Hi^ i.09 (t, 3H); 3.41. 3.45 (q . t, 4H); 3.54 (t, 2H); 3.7d 
(s, 2H). 

15 



l-Ethyl-2.oxopiperazine (3TFA salt, 10.5 dissoTv^ in acet«7hi^^^^^^ 

W-diisopropylethylamine (19:5 ml) followed by 3,4-difluoronitrobenzene (2.25 mlYwere 

^*^The^«tia.e^vas^.eated^efl^ 

residue chromatographed on silica using as eluant a gradient increasing in polarity from 0 to 
20 40/0 methanol in dichloromethane. Relevant fractions were combined and evaporated to give 
a sohd containing some W-diisopropylethylamine trifluoreacetate. The solid was purified 
by dissolving in ethyl acetate and washing weH with water. Evaporation of the organic layer 
gave 3-fluoro-4K4.ethyl-3^xopipcra2in.l-yl)nitroben2ene as a solid (3.44g). 

25 MSiCIil 268 (MH+). 

miUm^^X^ l-21(t. 3H); 3.50.3.52 (q Vt, 4H); 3.64 (t,2H); 3.96 (s, 2H); 6.88 (t 
IH); 7.95(dd,lH); 8.02(dd, lH). 

30 3-Fluoro-4.(4;ethyl.3-oxopiperazin^^^^^^^^ 

(200 ml) and the solution flushed with argon. Palladium (10% on carbon, 180mg) was 
•vadded, andthcinixturehydrogepate^^ 
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< themixture Avas . filtered through celite and:^^^ 

oxopipei^n-l-yl)fluorobenzene, which was used without iuither p^ 



NMR (CPCIaI-S: 1.17 (t.3H); 3.25 (t,2H); 3.41 (t,2H); 3.48 (q,2H); 3.61 (brs,2H); 
3.66 (s, 2H); 6.38 (dd. IH); 6.42 (dd. IH); 6.77 (t, IH). 



5-Amino-2-(4-ethyl-3-oxopipera2in-l-yl)fluorobenzene (2.95 g) was dissolved in dry 
10 dichloromethane (50 ml) under argon. Pyridine (1 .26 ml) was added, and the mixture 
cooled to -20°C. Benzyl chloroformate ( 1 .95 ml) was added, and the mixture stirred for 10 
minutes at -20°C, before allowing the temperature to rise to ambient over 1 .5 hours. 
Solvents were evaporated, the residue dissolved in dichloromethane and washed with 
sodium bicarbonate solution. After drying (MgS04) and evaporation of solvent, the residue 
15 was chromatographed on silica, using as eluant a gradient increasing in polarity from 0 to 
4% methanol in dichloromethane. Relevant fiactions were combined and evaporated to give 
5-benzyloxycarbonylaniino-2-(4-ethyl-3-oxopiperazin- 1 -yOfiuorobenzene (3.3g). 

MSIElecliQsprax); 372 (MH+). 

20 

NMRfCPCl3 X-S: 1.18 (t. 3H); 3.33 (t, 2H); 3.45 (t, 2H); 3.50 (q, 2H); 3.72 (s, 2H); 5.20 
(s, 2H); 6.76 (br s, IH); 6.82 (t, IH); 6.96 (dd, IH); 7.40 (m, 6H). 

5-Ben2yloxycarbonylamino-2-(4-ethyl-3-oxopiperazin-UyI)fluoroben2ene (3 .25 g) was 
25 dissolved mdryTHF (100 ml) under argon. The solution was cooled to -78°C, and treated 
with a solution of w-butyllithium (1.6 M in hexane. '6.02 ml), keeping the temperature below 
-60°C. 1.3-Dimethyl-3,4,5,6-tetrahydro-2(lH)^pyrimidone (DMPU. 10 ml) was added to 
the resultmg mixture to facilitate stirring, and (R)-glycidylbutyrate (1 .29 ml) added. Stirring 
was continued at -78*0 for 30 minutes, before allowing the temperature to rise to ambient 
30 OY^ 16 hours. Sodium bicarbonate OTlutioi»(5aml) was added, followed by s^^^ 

acetate to form two layers* The organic layer was separated, washed twice with water, dried 
, , (MgS04) and evaporated ^ Jhe residpe was phrpmatpgraphed on silica^ using as eluiuit 
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^i^in^easi.g,in polarity^ 

^^--^^on^^ to give (5R)-3-(3-fluoro-4-{4.ethyl.3- 



NMR rr>M,so-pff> ?i: 1 on ft tin 3 ->n i ■ ■ ^ ■ 

" lOvermpping m, 6H); 3.59 (s + ddd, 3H)- 



10 



o . ,830 ™ Assoi^ed ,„ pyridtoc (20 »,), ,„a coo.«. «. 0-c. Tri^y^ 4, 

n>.) and ™ed«nes„,f„„„ cUoridc (0^, m.) ^ added. sti^g c„„«„^ „ 
^P«au^fo,2hou. ^"'-'--PO-'andO.e^sldued.sso.vedineU.Uce: 

ox«ol,dm.2s,ne (l.Og) which was used wiftou, ftmher purification. 



MR ""--^rmYV 416 (MH+). 

20 

MCliX^ ..20(.3„).,,„ ,s.3H); 330-3.55 („, 6H); 3.7S <s. 2„); 3.94 (dd 
.H); 4.r4(. ,H); 4.4«(d,.2Hj; 4.93<n. .H); ,H, (.^ .^^J^' 

oxazohdu,.2.one(,50»g,wasdisso,vedtod.nMF(30n,.)ands„diu.^^ 

w^added. T,„nUxn«was hea.ed a. ,0=C for 5 hou^s, and Wapon^^ 

m «s,due was dissolved in efty, aceute and fte resulting soluU™, ^ ^ . 

-ed^CMgSO.,. ™ec™depr«,uc.s.„huunedwasc^^ 
3. du^tagradientiteeasingj,,^^^^^ 

Rel^. fiacuons we., con,«ned ^evapo^a^ ^ ^= <'«)-5-a^<.-=M.3.(3-fluoro:4. 
- ,(4.eftyl.3..oxopiperazin-l.yl)ph«yl)6xa2olidin.2«ne(777mg^^^^ ^ ^ ^^^^^^ K 
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MS (ElectrospravV 363 (MH+). 



~'7^MRTCPaax:srr;2xrft 3H); 3 J8 

5 3.71 (dd, IH); 3.78 (s, 2H); 3.83 (dd. IH); 4.06 (t, IH); 4.79 (m, IH); 6.91 (t, IH); 7.11 
(dm, IH); 7.52 (dd, IH). 

gimnplr? 

(5R)-5-Azidomethyl-3-(3-fluoro-4-{4-(2-metfioxyethyl)-3-oxopiperazin- 1 - 
10 yl}phenyl)oxa2olidin-2-one (750mg) was dissolved in ethyl acetate (15 ml), and the solution 
purged with argon. Palladium (10% on carbon, 150mg) was added, followed by acetic 
anhydride (0.36 ml) and the mixture stirred at ambient temperature under hydrogen confined 
in a balloon for 2 hours. The mixture wasifiltered through celite, evaporated to dryness, and 
chromatographed on silica, using as eluant a gradient increasing in polarity from 0 to 5% 
15 methanol in dichloromethane. Relevant firactions were combined and evirated, to give N- 
(5S)-[3-(3-"fluoro-4-{4^(2-mcthoxyethyT>-3^^^ 
ylmethyl]acetamide (228mg). 



MS (Rlertrftfiprny)- 409 (MH+). 

20 

, NMR frnria X-Sl 2.03 (s, 3H); 3.35 (s + 1. SH); 3.63 (s + overlappitfg m, 8H); 3.77 (s + 
overtyping m, 3H); 4.03 (t, IH); 4.77 (m. IH); 6.14 (br t, IH); 6.90 (t, IH); 7.08 (dm, 
IH); 7.47(dd,lH). 

25 The (5R)-5-azidpmethyl-3-(3-fluoro-4- {4-(2-methGxyethyl)-3-oxopiperazin. 1 - 
yl}phenyl)oxazolidin-2-one used as starting material was prepared as follows > 

l-/er/-Butoxycarbonyl-3-oxopiperazine (7.5g) was dissolved in dry DMF (250 ml) arid 
i)otassium/er/-butoxide (8.4g) was added. The mixture was stirred at ambient temperature 
30 for 30 minutes, then l-bromo-2-methoxyethane (3v9 ml) added, and stirring continued at the 
same temperature for 24 hours. A further equal portion of 1 -bromo-2-methoxyethane was 
added and^stirring oontinued for .24 hours. Solvent was evaporated, and the residue^ • ; ; > 
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partitioned between ethyl acetate and water. The organic layer was washed ^^th water and 
evaporated to give thel-rerZ-bmoxycarbonyM^^^^ 

which was used without hirther purifi^Soii: ~r~-—. — -■ — 



5 MS rRle<^t^^^prf,Y)- 259 (MH+). 

NMR fCnri3 ,)_Sl 1.45 (s, 9H): 3.36 fs. 3m: 3.48 35^,-. , .... 
4.1Q(s,2 H)r-^ ^ 



10 l-'^'-'-Butoxycarbonyl-4-(2-methoxyethyI)-3-oxopipera2ine(^^^^^ ^ 
dichloromethanedOO ml), the resulting solution cooled in an ice-bath, and trifluoroac^c 
acid(145 mDadded. The mixture was stirred at the same temperature for 2 hours Solvent 
was evaporated to yield l-(2.methoxyethyl>2-oxopipera2ine product as a salt with 4 moles 



of trifluoroacetic acid. 
MS.fiaF 159 (pR^^ 



3.78 (s, 2H) 

20 



1 -(2-Methoxyethyl)-2-oxopiperazine (4TFA salU 3.5g) was dissolved in acetohi^^^^ 
ml), and W-diisopropylethylamme (22.6 inl) followed by 3.4-difluoronitiobenzene (2.2 
ml) were added: The mixture was heated to reflux for 18 hours. Solvent was evaporated 
and the residue chromatogmphed on silica, using as eluant a gradient increasing in polarity 
25 fiomO to 4% methanol in dichloromethane. Relevant fractions were combined and 

evaporated to give a solid containing some A^^^yT-diisopropylethylamine trifluoroacetate. The 
soHd was purified by dissolving in ethyl acetate and washing well with water. Evaporation 
of the organic layer gave 3-fluoro-4K4-{2-methoxyethyl}-3-oxopipera2in^l.yl)„it^be^^„,; 
as a solid (4.07g). 

MSiCIii 298 (MH+^. 
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NMR(CPCl3a-S: 3.31 (s, 3H); 3.63 (m, 6H); 4.00 (s, 2H); 6.89 (t,lH); 7.95 (dd, IH); 
8.02 (dm, IH). 



3-Flu6ra^4^{T-meffi(>xye^^ -yl)nitrobenzene (4g) was dissolved in a 

5 mixture of ethyl acetate (200 ml) and DMF (5 ml), and the solution flushed with argon. 

Palladium (10% on carbon, 200mg) was added, and the mixture hydrogenated under 
ambient pressure. After gas uptake had ceased, the mixture was filtered through celite and 
solvm was evaporated to give ^-ammo-2-(4-{2-methoxyethy^}:3^xopipera2in-l- ~ 
yOfluorobenzene which was used without further purification. 

MS rHlectrnspravV 268 (MH+). 

NMR fCPCli )-S; 3.25 (t,2H); 3.36 (s,3H); 3.55(t,2H); 3.61(s, 4H); 3.64 (br s, 2H); 
3.70 (s. 2H); 6.40 (dd, IH); 6.44 (dd, IH); 6.77 (t, IH). 

15 

5-Amino-2K4-{2-methox^ 

dry dichloromethane (50 ifil) under argon. Pyridine (1 .33 ml) was added, and the mixture 

- cooled-to^gG^Ben zyl chl o r o f ennate<^6 ml) was^addedrand^ mixture stirred for 10 
minutes at -20'*C, before allowing the temperature to rise to ambient over 1 .5 hours. 
20 Solvents were evaporated, the residue dissolved in dichloromethane and washed with 

sodium bicarbonate solution. After drying (MgS04) and evaporation of sol v«it, the residue 
was chromatogr^hed on silica, using as eluant a gradient increasing in polarity fiom 0 to 
4% methanol in dichloromethane. Relevant fractions were combined and evaporated to give 

5-ben2yloxycarbonyIanuno-2-(4-{2-methoxyethyl}-3-oxopipera2in-l-yl)fluorobenzene 
25 (3.28g). 

MSIElsctmspiaja; 402 (MH+). 

NMR (CPCIa XJS: 3.32 (t,2H); 3.34 (s.3H); 3.56 (t.2H); 3.62 (s,4H); 3.75 (s,2H); 5.19 
30 (s,2H); 6.82 (t. IH); 6.84 (Si IH); 6.97 (dd, lH);^ 
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t4.2g) was dissolved in drv THF fion ml^ i.o^^- 
. ^ ^ cooled to -78<'C,andtreatedvsdth^ 

— _ _^ ° ''^''^^♦^^^n^I)^eping the temperature 
1.3-Dtn,eTO;5;5^etrahydro:20^^ 

5 resulting 

— .„ aoiU«,e «temg and (R).g.ycidylb».y„«e (0.93 ml) wa« added. 1*= ^, 
., , , . ■ —°-"-~"P«'«™"onK to ambient over 16 

drVneSS. Orosimr^ m9tAn«>t«. J' _ 1 w 



' vvnoie evaporated to 

.0 punfied by ctaonmography on sHica using as eiuan. a g«U«. i«^g ^ . . 



15 MS fF^f^^^ppy^yy (MH+). 



^Emn^SL^; 3.27(,.n.5H,; 3.5, (, 2H,; 3.53 („. 3.60(™,,H, 36«(. 
7.24 (dd, IH): 7.57 (dd, IH). ' 



20 



(^3<3.F,uo™^.,4K2.„,«„,y,^^,^3^,„^,^ 

oxazol,dn,-2-one(I.Og)™sdis.„lv«linpyridi„e(25nU)..ndcooledtoO.C 
Tnethyiamine C0.46 m.) and m«han«,ft^, ehl^id. (0.23 m.) »™ ^.d. and birring 

-"'■"■«^»-«-«»pen«„fi.2h.„„. SoIv»,™^ 
25 d. «>h,ed „ .U,y, achate cashed ^U. aried (MgSO^). and .vapored .o give (5R). 

oxyn,efty,)oxa»lidin.2^ (,.01g) whieh was used «iU,outiteherp«iiica.ion 



MS fF,lprtrof{pniy)- 446 (MH+). 

30 
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NMRCCDQlXiSl 3Vi r (s. 3H); 3:36 (s* 3H); 3.37 (t, 2H); 3;58 (t, 2H); 3.63 (m, 4H); 
3.80 (s. 2H); 3.93 (dd, IH); 4.13 (t, IH); 4.43 (dd. IH); 4:50 (dd, IH); 4.92 (m- IH); 



5 (5R)-3-(3-Fluoro-4-{4-(2-methoxyethyl)-3-oxopiperazin-l-yl}phenyl)-5-(methanesulfonyI- 
oxymethyl)oxazolidin-2-one (990mg) was dissolved in dry DMF (30 ml), sodium azide 
(868mg) was added, and the mixture heated at 80**C for 4 hours. The mixture was 
evaporated to dryness, and the residuedissolved in ethyl acetate and washed with three ^ 
portions of water. The aqueous layer was back-extracted with two portions of ethyl acetate, 
10 and the combined organic extracts dried over MgS04. Evaporation gave (5R)-5- 

a2idomethyl-3-(3-fluoro-4-{4-(2-methoxyethyl)-3-oxopiperazin-l-yl}phenyl)oxazolidin-2- 
one (770mg) which was used without further purification. 

MSiElsjamspiasai 393 (MH+). 

15 

Nl^f CPCgg 3.36 (s. 3H); 3:37 (t, 2H); 1:62 (overlapping m, 7H)r3.71 (ddriH); 
3.78 (s, 2H); 3.83 (dd, IH); 4.06 (t, IH); 4.78 (m, IH); 6.91 (t, IH); 7.12 (dm, IH); 7.49 

(ddr4H). : ^ 

20 Example 4 . 

(5R)-5-A2idomethyl-3-(3-fluoro-4-{4-(2-fluoroethyl)-3-oxopiperazin-l- 
yl>phenyl)oxa2oUdin-2-one (360mg) was dissolved in dry DMF (20ml); and the solution 
purged with argon. Palladium (1 0% on carbon, 72mg) was added, followed by acetic 
anhydride (0.17 ml) and the mixture stirred at ambient temperature under hydrogen confmed 
25 in a balloon for 3 hours. The mixture was filtered through celite, evaporated to dryness, and 
partitioned between ethyl acetate and water. The organic extract was washed with brine, 
dried (MgS04), and evaporated. The residue was chromatographed oh silica, using as 

eluant a gradient mcreasing in polarity from 0 to 2.5% methanol in dichloromethane. 
Relevant fractions were combined and evaporated, to give N-(5S)-[3-(3-fluoro-4-{4-(2- 
30 fluorQe!thyl)r3-oxbpipera2in-l^yl}phenyl)-2-dxpo3cazolid 

MS rRlectm5;prayV- 107 (^>tH^^) . J : r-.-}: ■ . 
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2^2 (s, 3H); 3.3^^^ 3.61 (t + overlapping m, 3H); 3.70 

-(xjverlappingTnv-3H)r3T81 (s:+over^ 

-lH)r4T8&tra-lt^rtl^ttot;lH)T-6:9^^ 



The(5R>5-azidomethyl-3-(3-fluoro-4-{4-(2-fluoroethyl)-3-oxopipera2in-I- 
yl}phenyl)oxazolidin-2-one used as starting material M«s prepared as follows > 

l-/er/.Butoxycarbonyl-3-pxopiperazine (21.6g) was dissolve in dry DMF (500 ml) and 
10 potassium rer/-butoxide (24.2g) was added. The mixture was stirred at ambient temperature 
for 30 minutes, then l-(4-methylphenylsulfonyloxy)-2-fluoroethane (see J.Med.Chem. 
(1980). 23(9), 985-90 for outline of synthesis. 25.9g) added, and stirring continued at die 
same temperature for 24 hours. Solvent was evaporated, and the residue partitioned 
between ethyl acetate and water. The organic layer was washed with water and evaporated. 
15 The residue was dissolved in isopropanol and diluted with iso-hexane, precipitating 
uiichangea^ipe 



was chromatographed on silica, using as eluam a gradt©5t increasing in polarity from 0 to 

isoprop an on n i so:. hex ane, RHftv a nt iiactionsJa^er^mfeined-and evaporated-to^give 
l-/crNbutoxycarbonyl-4-(2-fluoroethyl)-3-oxopiperazine(6.74g). 

20 

MS (ay, 247 (MH+). 

MMRiCDQ^l^ 1.49 (S.9H): 3.50 (t. 2H): 3.66 (overlapping m. 3H); 3.77 (t.lH); 4.11 
(s, 2H); 4.53 (t, IH); 4.72 (t, IH). 

25 

l-/-Butoxycarbonyl-4.(2-fluoroethyl).3.oxopiperazine (6.65g) was dissolved in 
dichloromethane (500 ml), cooled in an ice-bath, and trifluoroacetic acid (150 ml) added. 
The mixture was stirred at the same temperature for 2 hours. Solvent was evaporated to 
yield crude product, which was dissolved in the minimum volume of ethyl acetate. Slow 
30 addition of diethyl ether caused p^^ 

as the mono trifluoroacetic acid salt (is. 19g). 
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: m 3.76 (t, lH); 

-3:81 (s/2H)r 4.50 (t,rHr^.69Tt;iH);^^^~ — : 

5. i 
l-(2-Fluoroethyl)-2-oxopiperazine trifluoroacetate (6.1g) was dissolved in acetonitrile (100 
ml). AT^-Diisopropylethylamine (13 ml) was added to the mixtuie, followed by 3,4- 

difhtoionittobenzene (3;39g), and the mixture heated to reflux fori? TioursTSolvent was 

ev^>orated, and the residue chromatographed on silica, using as eluant a gradient increasing 
10 in polarity from 0 to 4% methanol in dichloromethane. Relevant fractions were combined 
and evaporated to give 3-fluoro-4-(4-{2-fluoroethyl}-3-oxopiperazin-l-yl)nitroben2ene 
product as a solid (4.4g). 

MaXElscttoajmxi: 286 (MH+). 

15 

NMR rCPCl;i) 7>: 3:67 (s, 4H)T^:72-(f, TH)r3T83 (t, IH); 4:02 (sT 2H); ^58 (t, IH^ " 
(t, IH); 6.91 (t, IH); 7.96 (dd, IH); 8.02 (dm, IH). 



3-Fluoro-4-(4-{2-fluoroethyl}-3-oxopiperazin-l-yl)nitrobenzene (4.35g) was dissolved in a 
20 mixture of ethyl acetate (250 ml) and DMF (5 ml), and the solution flushed with argon. 
Palladium (10% on carbon, 200mg) was added, and the mixture hydrogenated under 
ambient pressure. After gas uptake had ceased, the mixture was filtered through celite and 
solvent evaporated. The residue was taken up in ethyl acetate, washed twice with water, 
dried (MgS04), and evaporated, to give 5-amino-2-(4-{2-fluoroethyl}-3-oxopiperazin-N 
25 yI)fluorobenzehe pix>duct,which was used without further purification. 

MajCElsctmsprajOi 256 (MH+). 

NMR (CDCli) 3.28 (t, 2H); 3. 58 (t, 2H); 3.61 (br s, 2H); 3.68 (t, IH); 3.72 (s, 2H); 
30 3.80(t, IH); 4.56 (t. lH); 4.75 (t, IH); 6.4p(dd,.lH); 6.44(dd, IH); 6.78 (t, IB). - - 
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V 5-AminoT2-(4- {2rfluorpethy|}-3rOxopipera?in*l -yl)fluorobenzene (2.6g) Vvas dissolved in ' 
dry dichioromethane (50 ml) under, argon. Pyridine (1 .03 ml) was added, and the mixture 
— T^l^ to^0°CrBen2yl chloroformate (1.6 ml) was added, and the mixture stirred for 10 
minutes at~-20*'C75efwe^^ 
5 Solvents were evaporated, the residue dissolved in dichioromethane arid washed with 
sodium bicarbonate solution. Aft^r drying (MgS04) and evaporation of solvent, the residue 
was chfbmatographed on silica, using as fcluanla gradieht increasing in polarity from 0 to 
S^Tiietfaaiiolinidit^oromethane. Releva nt fractions were combi ne d and evaporated to give 

5-benzyloxycarbonylanMno-2-(4-{2-fluoroethyl}-3-oxopiperazm-l-yl)fluoroben2ene 
10 (3.43g). 

MSIElectHispiaja: 390 (MH+). 

NMRfCPai) fi; 3.35 (t, 2H); 3. 58 (t, 2H); 3.67 (t, IH); 3.76 (s, 2H); 3.78 (t, IH); 4.55 
15 (t,lH); 4.75 (t,lH); 5.20 (s,2H); 6.71 (br s, IH); 6.85 (t, IH); 6.99(dd,lH); 7.37 (m, 

-eH)-.- • -T ■ . ' . .■ r— 



-A^olution^fJithium^ecfcanttoxide^S45repaied4)yaddition^f7i-butylUthi 



hexane, 2.9 ml) to a stirred solution of rm-butanol (0.43g) in anhydrous THF (10 ml) at 
20 -10°C under argon. After cooling to -70°G, a solution of 5-ben2yloxycarbonylamino-2-(4- 
{2-fluoroethyl}-3-oxopiperazin-Nyl)fluorobenzcne (1.5g) in dry THF (15 ml) was added. 
After 10 minuteis, (R)-glycidylbutyrate (0.67g) in dry THF (15 ml) was added to the 
resulting mixture, and stirring contmuied at -70'^€ for 15 minutes, befo^ 
temperature to rise to ambient over 16 hours. Methanol (10ml) was added, followed by 
25 saturated sodium bicarbonate solution (20 ml) and water (10 ml). The organics were 

extracted into ethyl acetate (3 x 25 ml), washed with brine and dried (MgS04). Solvent was 
evaporated and the residue purified by chromatography on silica, using as eluant a gradient 
increasing in polarity from 0 to 3% methanol in dichioromethane. Relevant fractions were 
comb^ed and evaporated to give (5R)^3-(3-fluoro-4-{4-(2-fluoroethyl)-3-oxopiperazin-l- 
30 yl}phenyI)-5-hydroxymethyloxazolidin-2-one (1.07g). 

MSiElscJtQsprajOi 356 (MH+). 
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NMR fPMSQ-P$) §; 3.32 (t, 2H); 3. 50 (t, 2H); 3.66, 3.55-3.70 (s overlapping m, 5H); 
-~3:» (t, IH); 3u7'«Tda;TH)f • 4 05 (t; TH); 4.49 (t, IH)^ AM (t + m^m);:U7 (t, IMF'tJ? 
"an H); T22(ddri H); ^ (dd, 1 HX ~" 

5 ' ' 

(5R)-3-(3-Fiuoro-4-{4-{2-fluproethyI)-3-oxopiperazin-l -yl}phenyl)-5-hydroxymethyl- 
oxazDlidin-2-one (0.8g) was dissolved in pyridine (15 ml), and the mixture cooled to 0°C: 
Tnethylanxme mi) and metnanesulfonyl cblbnde (0.19 ml) were added to the mTxture, 
and stirring continued at ambient temperature for 2 hours. Solvent was evaporated and the 
10 residue dissolved in dichloromethane, washed with water, brine, dried (MgS04), and 

evaporated. The resulting residue was triturated with diethyl ether to give (5R)-3-(3-fluoro- 
4-{4-(2-fluoroethyl)-3-oxopiperazin-l-yl>phenyl)-5-(methanesulfonyloxymethyl)- 
oxazolidin-2-one (0.76g) which was used without further purification. - 

15 MS rRlertmsprayV 432 (MH+). 



NMR fCOCli) fi- 3.12(s,3H); 3.41 (t,2H); 3.62 (t,2H); 3.71 (t, IH); 3.79(t, IH); 3.81 
IH); 4.95 (m, IH); 6.93 (t, IH); 7.11 (dm, IH); 7-50 (dd, IH). 

20 

(5R)-3-(3-Fliioro-4-{4-(2-fluoroethyl)-3-oxopiperazin-l -yl}phenyl)-5-(methanesulfonyl- 
oxymethyl)oxazolidin-2-one (719mg) was dissolved in diy DMF (15 ml), and sodium azide 
(647nig) added to the mixture. The mixture was heated at SOX for 6 hours, and then 
evaporated to dryness. The resulting residue was dissolved in ethyl acetate, washed twice 
25 with water, and dried (MgS04). Evaporation gave (5R)-5-a2idomethyl-3-(3-fluoro^-(4-(2- 
fluoroethyl)-3-oxopiperazin-l-yl)phenyl)oxa2olidin^2-one (413mg) which was used without 
further purification. 

MS miertmopTay)- 381 (MH+). 
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NMR CTCIa) fi; 5^5^(t.2Ii)^ 3.61 (t overlapping m, 3H); 3.75 (m; 2H); 3.80 (s ^ 
overiappiii^m, 3H); 3.83 (dd. IH); 4:06 (t, lH); 4:58 (t. IH); 4;74 (t, IH); 4.79 (m, IH); 
^2 (t. IH); 7n3XaniriH)T 7.51XdarrH)7~^ -. 



5 Example ^ 

The following illustrate representative pharmaceutical dosage forms contaifling the 
compound of formula I, or a phaimaceutically-acceptable salt thereof (hereafter compound 
X), for therapeutic or prophylactic use in himians: '. — — ~ 



10 (a) . lahkLl msMM 

Compound X „ JOO 

Lactose Ph.Eur I79 

Croscarmellose sodium 12 

Polyvinylpyrrolidone 5 

Magnesium stearate 3 



15 



20 



25 



— ^— CompQundX^.^.,..v^ : SO 



Lactose Ph.Eur 229 

Croscarmellose sodiimi 12 

Polyvinylpyrrolidone...... 6 

Magnesium stearate 3 



(c) lahlsLm 



mg/tablgt 



Compound X. ^ j 

Lactose Ph.Eur. 92 

Croscarmellose sodium..... ...^ 4 

Polyvinylpyrrolidone. , 2 

Magnesium stearate , | 



30 
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(d) Capsilk mg/capsule 

'Coxnpound"X /-^TT^r/^r" ^10^ 

jj^^^Qgg Ph.Eur r~J~Tir-T7.i~.r.[„,„.. 389 

5 Croscannellose sodium..... 100 

Magnesium stearate 1 

(ty—— InieetiOTrl CSImgZml)" 

Compound X 5.0% w/v 

10 Isotonic aqueous solution to 100% 



Buffers, phamiaceutically-acceptable cosolvents such as polyethylene glycol, polypropylene 
glycol, glycerol or ethanol or complexing agents such as hydroxy-propyl p cyclodextrin may 
be used to aid formulation. 

15 

HsisL "■ ^~ 

The above formulations may be obtained by conventional procedures well known in the 

— pharmaceutical-art^'nie-tabl ets (a) -(c)Hmay-be-enteric coated byxonventional- means. for 

example to provide a coating of cellulose acetate phthalate. 
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CLAIMS ■ • 

1. A compound of the formula (I): 



" R' 



a) 



wherein: 



R' is of the formula -NHC(=0)(l-4C)alkyl, -NHS(0)„(l-4C)aIkyl wherein n is 0. 1 or 2 or 
10 r' is hydroxy; 

R and R are independently hydrogen or fluoro; 
R^ is hydrogen, methyl, ethyl or 0x0; 
_.R^is.hydrD^enUJd6QalkyU2=6Qalkenyl.<^^^ 

wherein either m is 1 -4 iamd R* is trifluoromethyl, difluoromethy 1, fluoromethy 1,_ 

(l-4C)alkoxy, (l-4C)alkyl S(0)p - wherein p is 0, 1 or 2, (l-6C)aIkanoyloxy, 

di-ai-(T-4C)alkyl)amino, N-((l-4QaIkyl)(l-4C)alkanoylamino. cyano, carboxy, ~ 
(l-4C)alkoxycarbonyl, carbamoyl, l5l-(l-4C)alkylcarbamoyl, di-(N-(l-4G)alkyl)carbamoyl. 
H-((l -4C)alkylXl -4C)alkanesulphonamido, 1 -4C)alkyl)ureido, 

N'-((l-4C)alkyl)-H^-((l-4C)aIkyl)ureido, N'-((l-4C)alkyl)-di-(H'-(l-4C)alkyl)ureido. O 
20 or of the formula -0C(=0)NR'(R*) wherein R' and R' are independently hydrogen or 

(l-4C)alkyl or of the formula -N(R'')S02NR'(R*) whercm R' and rVc as hereinabove 
defined and r' is (l-4C)alkyl; 

or m is 2-4 and R* is hydroxy, (l-4C)alkanoylamino, amino, (l-4C)alkylamino, 
(l-4C)alkanesulphonamido, ureido. N'-((l-4C)alkyl)ureido, di-(M'-(l-4C)alkyI)ureido or of 
25 the formula -NHSOjNR'CR") wherein R' and R' are as hereinabove defined; 
and pharmaceutically-acceptable salts thereof 

2. A compoimd of the formula (I) as claimed in claim 1 wherein : 

R' is of the formula -NHC(=0)(l-4C)alkyl; 
R and R is hydrogen and the other is fluoro; 
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is hydrogen, methyl or oxo; 

is (l-6C)alkyror of the formula R*(CH2)m- wherein either m is 1 or 2 and R* is 
iBffluOTomelKyi3u6i^»meffiry^^^ 



n^QalkbxycarBonyircafbamoy^^^^ 
5 or m is 2 or 3 and R^ is hydroxy or (1 -4C)aikanoylamino. 

3. A compound of the formula (I) as claimed in claim 1 wherein : 

R' is acetamido; 

R^-and^' is hydrogen and the other is fluofS; — 

R* is hydrogen, methyl or oxo; 
10 R' is (1 -6C)alkyl or of the fonnula R\CH2)„- wherein either m is 1 or 2 and is 

trifluoromethyl, fluoromethyl, (1 -4C)alkoxy, ( 1 -4C)alkylS(0)p- (wherein p is 0, 1 or 2), 
(l-4C)aIkoxycarbonyl, carbamoyl, Ii-(l-4C)alkylcarbamDyl, or di-a!i-(l-4C)alkyl)carbamoyl, 
or m is 2 or 3 and R* is hydroxy or ( 1 -4C)aikanoylamino. 

^' A compound of the formula (I) as claimed in claim 1 wherein : 

IS R' is acetamido; 

R^ and~R*'is hydiFSg^ auad the bth^ is fluoro; 
R'*ishydKSgen; 

^js-4U6C)aUga-or-^4he4bnnula-R^GH2)m-whereineither^^ — 



trifluoromethyl, fluoromethyl, (I-4C)alkoxy, (l-4C)alkyIS(0)p-(wherein p is 0, 1 or 2), 
20 (l-4C)alkoxycarbonyI, carbamoyl, N-(l-4C)alkylcarbamoyl, or di-(H-(l-4C)alkyl)carbamoyl, 
or m is 2 or 3 and R* is hydroxy or (1 -4C)alkanoylamino. 

^' A compound of the formula (I) as claimed in claim 1 wherein : 

R* is acetamido;. 

R^ and R^ is hydrogen and the other is fiuoro; 
25 R* is hydrogen; 

R'is methyl, ethyl, 2, 2, 2-trifluoroethyl, 2-fluoroethyl. 2.methoxyethyl, methylthiomethyl, 
methoxycarbonylmethyl, carbamoylmethyl, di-(H-methyl)carbamoylmethyl, 2-hydroxyethyl or 
2-(acetamido)ethyI. 

6. Acompoundoftheformula(I), or a phaimaceutically-acceptable salts thereof, as 

claimed in claim 1 selected from : - 

N-((5S)-3-(3-fluoro-4-(4-methyl-3-oxopipera2in- 1 -yl)phenyl)-2-oxooxazolidin-5-yI). 
methyl)acetamide; 
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N-((5S)r3'-(3-fluoror4T{4-ethyl^ 
acetamide; ■ 

NF((SS)^3=(3=flu6r6=4-(4-(2-^^^ 

ffiediyl)acetamide; and "~ : ~ ~~ 

5 N-((5 S)-3-(3-fluoro-4-(4-(2-methoxyethyI)-3-oxopiperazin- 1 -yl)phenyl)-2-oxooxazoIidm-5- 
yimethyl)acetamide. 

A compoimd of the formula 0)> or a pharmaceutically-acceptable salts thereof, as 
claimed in claim 1 being : - ~~ ' 

N-((5S)-3-(3-£luoro-4-(4-(2-fluoroethyl)-3K)xopiperazin-l-yl)phenyl)-2-oxooxazolidin-5-yI- 
10 methyl)acetainide. 

8. A process for the preparation of a compound of the formula (I) as claimed in claim ) 

1 which comprises :- 

(a) the deprotection a comix>und of the formula (11): 



(M) 

(b) the modification of a substituent in, or the introduction of a substitoent into, another 
20 compound of the formula (I): 

(c) when R' is of the fonnula - NHS(0)„(l-4C)alkyl. wheroin n is 1 or 2, the oxidation of 
a compound of the formula (I) wherein n is 0 or, when n is 2 the oxidation of a compound of the 
formvtla (I) wherein n is 1 ; 

(d) when R' is of the formula -NHC(K))(l-4C)alkyl or -NHS(0)„(l-4C)alkyl, the reaction 
25 of a compound of the formula (III) with a compoimd of the formula (IV): 



3 
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R"— N N 




an) 



" . ' 

(IV) 

(e) when R' is hydroxy, the reaction of a compound of the formula (V) with a compound 
5 of the formula (VI): 



(V) 



(VI) 
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or ■. . 

(f) when R' is of the formula -NHC(=0X1 -4C)alkyl, the reaction of a compound of the 
-fbimula (1) with an amide ofthe formulaXVH)! ' "7~"^~ 



O 



A, 



HN Or13 



^CO(1 - 4C)alky l 



(VII) 



wherein R^, R^, R"* are as hereinabove defined; R'* is R' or protected R' , R" is R' or protected 
R^ (wherein R' and R* are as hereinabove defined); r'^ is ofthe formula -C(=0)(l-4C)alkyl or 
~S(0)„a=4C)alkyJ;_R'iis_(I^QalJqd-oii^^ 



and thereafter if necessary: 

5 i) removing any protecting groups; 



ii) forming a pharmaceutically-acceptable salt; 

and when an optically active form of a compound ofthe formula (I) is required, it may be 
obtained by carrying out one ofthe above procedures using an optically active starting material 
or by resolution of a racemic form ofthe compound or intermediate using a standard procedure. 
10 9. A pharmaceutical composition which comprises a compoimd ofthe formula (I) or 

a pharmaceutically-acceptable salt thereof, as claimed in any of claims 1 to 7 and a 
pharmaceutically-acceptable diluent or carrier. 

10. The use of a compound ofthe formula (I) pr a pharmaceutically'^acceptable salt 
thereof, as claimed in any of claims 1 to 7 in the manufacture of a novel medicament for use 
IS in the production of an antibacterial effect in a warm blooded animal, such as man. 
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